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Background
94
Human and rodent studies have reported that skeletal muscle hypertrophy is 95 significantly diminished with old age (8, 14, 16, 26, 28, 30, 33) . Although the underlying 96 mechanism responsible for the blunted hypertrophic response in the elderly remains to 97 be clearly defined, an alteration in protein metabolism is thought to be a primary factor 98 (25). In particular, activation of protein synthesis by the mechanistic target of rapamycin 99 (mTOR) signaling pathway has been shown to be attenuated in aged skeletal muscle 100 subjected to a hypertrophic stimulus (9, 23, 31) . The notion that blunted mTOR 101 signaling contributes to a compromised hypertrophy with age is consistent with the 102 pioneering work by Bodine and colleagues showing that mTOR activity is absolutely 103 necessary to mount a full hypertrophic response (3).
105
In an effort to identify other genes and/or pathways that might contribute to the age- The purpose of this study was to perform a comprehensive transcriptome analysis of old 120 skeletal muscle undergoing hypertrophy in an effort to identify differentially expressed 121 genes. Skeletal muscle hypertrophy was induced by synergist ablation with gene 122 expression measured by microarray analysis after 1, 3, 5, 7, 10 and 14 days. To 123 identify age-associated genes that were differentially expressed in response this 124 hypertrophic stimulus, we compared this newly generated data set against our 
Identification of differentially expressed genes
205
Detection of differential gene expression profiles was performed using the R-based
206
Bioconductor statistical software, version 2.6 (11). In order to detect gene expression 207 differences between the young and old groups, data was analyzed using the maSigPro 9 package (7). This package is specifically designed to identify differential expression to the F-statistic in the general regression model was used to select significant genes 217 between age groups. Second, once gene models showing significant differences were 218 identified, backwards stepwise regression was performed on this set of genes to identify 219 the conditions for which genes shows statistically significant profile changes. 
Statistical analysis
243
The muscle wet weight, total RNA concentration and qPCR data were analyzed by two- analysis, a p-value < 0.0001 was considered statistically significant. 
Results and Discussion
255
In response to 14 days of synergist ablation, plantaris muscle weight was significantly 256 increased in both young and old mice; however, the increase in normalized plantaris 257 muscle weight was significantly less (40% versus 71%, respectively) in old mice 258 compared to young mice (Fig. 1) . Importantly, there was no difference in the body 259 weight of young and old sham mice and following 14 days of synergist ablation. These Table 1 ).
271
We next used cluster analysis to determine how age affected the temporal pattern of 272 expression of differentially expressed genes. We found that twelve clusters provided a 273 sufficient number of discrete clusters with enough genes in each cluster to allow for 274 biologically meaningful pathway analysis (Fig. 2) . Cluster analysis showed that the 275 pattern of expression of differentially expressed genes was remarkably similar between 276 young and old groups, with the one exception being cluster 12 (Fig. 2 ). This cluster 12 contained genes which were expressed at a much lower level in old muscle across the 278 time course and showed a different response to synergist ablation compared to young 279 muscle. Within this cluster, about a third of the genes were from either the major 280 urinary protein family 7, 11, 19 and 20) protein genes increased in a similar manner until day 5 in both age groups, after which 308 expression remained higher in the old group (Fig. 3A) . The ribosomal protein genes
309
showing the greatest age-depended differences were Rpl24, Rps19, Rpl10a, Rpl13 310 and, in particular, Rpl11 ( Fig. 3B and Supplement Table 1 ). RT-PCR confirmed that
311
Rpl11 expression was significantly increased by 4.6-fold in old group at day 10 but was 312 unchanged from baseline at this time point in the young group (Fig. 3C) . These results
313
are consistent with findings from a recent human study that found increases in lean 314 mass were negatively correlated with expression of 30 ribosomal protein genes (9). given that 85% of total RNA is ribosomal RNA (rRNA), total RNA per unit of tissue is considered a measurement of ribosome content (34). There was no difference in the 324 ribosome concentration of young and old sham plantaris muscle as total RNA per unit of 325 muscle was the same between these two groups (Fig. 4) . In response to synergist 326 ablation, total RNA concentration of plantaris muscle of young mice significantly 327 increased from day 5 through day 14, with ~2.5-fold peak expression occurring at days 328 7 and 10 (Fig. 4) . In contrast, total RNA concentration of the plantaris muscle of old 329 mice showed a modest ~50% increase at days 10 and 14 that was significantly less 330 compared to young mice (Fig. 4) .
332
The lower ribosome content of old plantaris muscle in response to synergist ablation plantaris muscle, we measured pre-47S rRNA abundance in sham and after 3, 7 and 10 336 days of synergist ablation in both young and old mice. We chose to focus on these time 337 points because day 3 was the last time point before total RNA concentration diverged 338 between the two groups and days 7 and 10 because it was when total RNA 339 concentration peaked in the young group. There was no difference in pre-47S rRNA 340 expression between young and old sham groups suggesting that rDNA transcription at 341 baseline was not affected by age (Fig. 5A) . Following three days of synergist ablation,
342
there was a significant increase in pre-47S rRNA expression in both young and old 343 groups, though the increase in the young group was significantly greater than in old (3-344 fold vs. 1.7-fold, respectively). Of note, the increased expression of pre-47S rRNA 345 observed at day 3 in both groups preceded the increase in ribosome content as assessed by total RNA concentration (compare Fig.4 and 5A ). Although the current 347 study does not provide a mechanism for the delay between 47S pre-rRNA expression To determine if processing of pre-47S rRNA was altered in old muscle undergoing 368 hypertrophy we measured the 28S rRNA expression. There was no difference in 28S rRNA expression in young and old sham groups indicating that pre-47S processing was 370 unaffected by age in resting skeletal muscle (Fig. 5B) . In good agreement with pre-47S 371 rRNA expression, 28S rRNA expression was significantly increased in response to 372 synergist ablation at day 3, 7 and 10 in the young group; in contrast, 28S rRNA 373 expression remained unchanged in the old group until day 10 (Fig. 5B) . These findings 374 suggest that rDNA transcription and processing had become uncoupled in old muscle 375 during hypertrophic growth.
377
Based on our findings, we present a novel notion that dysfunctional ribosomal 378 biogenesis is one the primary factor inhibiting muscle hypertrophy in aged animals. We 379 suggest that in young animals, the expression levels of the core components of mature 380 ribosomes promotes a cellular environment which is permissive for maximizing 381 ribosomal biogenesis during muscle hypertrophy, which does not occur in aged animals. Results from the current study suggest that while age-dependent differences exist 390 across in the transcriptome profile between young and old skeletal muscle during 391 hypertrophy, the differences appear to be modest. Moreover, the response of individual genes to the mechanical overload resulting from synergist ablation appear to be 393 conserved across age groups, with little evidence to suggest that disparities in 394 transcript levels or mis-expression are driving the impaired hypertrophic growth in aged 395 animals. Furthermore, it is important to factor in acute gene expression changes versus 396 chronic changes, as we saw most of the changes occur early in the time-course.
397
Recently, Nader and colleagues challenged the idea that using acute changes in gene Furthermore, pre-47S expression was significantly higher in young animals compared to 582 old animals at both day 3 and 7 of synergist ablation. B) 28S rRNA expression 583 increased in response to synergist ablation at from day 3 through day 10 in young 584 animals, while only increasing at day 10 in old animals. 28S expression was 585 significantly attenuated at days 3 and 7 in old animals. † denotes a significant increase 586 from Sham; * denotes a significant age-effect at that time-point (p<0.05).
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